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Background of the Invention 

This invention relates to a temperature sensor provided with lead 
lines or planar lead terminals and, more particularly, to such a temperature sensor 



an NTC thermistor element) is usually used as the temperature sensing element 
for such a temperature sensor and is sometimes directly contacted to a target 

20 object, such as a CPU carried on a mother board, in order to accurately measure 
its temperature. Figs. 10A and 10B show an example of prior art temperature 
sensor 101 of this type for detecting the heat generated by a CPU 2 connected to 
a printed circuit board 105 through a socket 4, the temperature sensor 101 being 
contacted to a DC fan 3 for cooling the CPU 2. The prior art temperature sensor 

25 101 is characterized as having lead lines 106 and 107 which are made, for 

example, of a plated wire such as a hard copper or steel wire covered with copper 
or stranded soft copper wires and hence have no elasticity. Thus, it was 
necessary to use an adhesive agent 109 to securely attach the temperature sensing 
element 108 of the sensor 101 to the DC fan 3 as shown in Fig. 10A or to adjust 
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the length of the lead lines 106 and 107 according to the distance between the 
circuit board 5 and the DC fan 3 . 

By the method of using the adhesive agent 109 to attach the 
temperature sensing element 108 to the DC fan 3 as shown in Fig. 10A, an extra 
5 step for the attachment becomes necessary in the production process and the 

positioning is not an easy task. By the method of adjusting the length of the lead 
lines 106 and 107 to make the contact between the temperature sensing element 
108 and the DC fan 3 as shown in Fig. 10B, the lengths of the two lead lines 106 
and 107 must be individually adjusted. Vibrations of the DC fan 3, furthermore, 

1 0 make it difficult to maintain a constant positional relationship between the 

temperature sensing element 108 and the DC fan 3, causing difficulties in making 
an accurate temperature detection. 

For producing temperature sensors provided with planar lead 
terminals, the lead terminals are produced from a lead frame in order to automate 

1 5 the assembly process and to reduce variations in the accuracy in shapes and sizes. 
Fig. 1 1 shows a lead frame 1 5 1 to which is attached a temperature sensing 
element 152. The lead frame 151 is molded so as to comprise a linearly 
elongated belt-shaped base part 151a and a plurality of pairs of planar lead parts 
151b extending perpendicularly from the base part 151a. The temperature 

20 sensing element 152 is of a structure having terminal electrodes 152a on its two 
mutually oppositely facing terminal end surfaces and is inserted in the gap 
between the tip sections 1 5 1 c of the pair of planar lead parts 1 5 lb. The tip 
sections 151c of the planar lead parts 151b and the terminal electrodes 152a of 
the temperature sensing element 152 are electrically connected by using a solder 

25 material (not shown) or the like. 

It is not easy, however, to thus insert temperature sensing 
elements 1 52 into the gaps formed on the lead frame 151 in a neatly aligned 
manner in the direction of the thickness because the contact surface areas 
between the tip sections 151c of the planar lead parts 151b and the temperature 

30 sensing element 152 are small. Even after temperature sensing elements 152 are 
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inserted, another problem is that they cannot always be positioned stably with 
respect to the tip sections 151c of the planar lead parts 151b in terms of the 
orientation (as shown in Fig. 12A) or the position (as shown in Fig. 12B). 

5 Summary o f the Invention 

It is therefore an object of this invention to provide an improved 
temperature sensor having elastic lead lines with spring characteristics such that 
its temperature sensing element and a target object for temperature measurement 

can be dependably contacted. 
10 it is another object of this invention to provide such a temperature 

sensor which is designed such that its lead lines will bend in a desired direction 
and hence that its temperature sensing element and the target object can be even 

more dependably contacted. 

44-^iUrther aa. object of Uus invention to provide a method o£ 

1 5 mounting such a temperature sensor to a printed circuit board 

It is still another object oTthS invention to provide a temperature 
sensor with its lead terminals and th^temperature sensing element connected 
securely and dependably, as well as a method of producing such temperature 
_jsen*ors. 

20 A temperature sensor according to a first embodiment of this 

invention, with which one of the objects above can be accomplished, may be 
characterized as comprising a temperature sensing element such as an NTC 
thermistor element with electrodes thereon, and elongated electrically conductive 
lead lines made of an elastic material each attached to a corresponding one of 

25 these electrodes. The lead lines may preferably each have a non-straight part 

such that, when these lead lines are inserted into throughholes prepared through a 
base board, the non-straight parts are hooked at the throughholes and the 
portions of the lead lines above the base board will stand up obliquely. These 
non-straight parts may be formed each in a semi-circular form and/or by bending, 
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all in a same direction. The temperature sensing element and the lead lines may 
be covered by an electrically insulating material. 

Another temperature sensor according to a second embodiment of 
this invention, having its lead terminals and temperature sensing element 
5 connected securely and dependably, may be characterized as comprising a 

temperature sensing element such as an NTC thermistor element with electrodes 
on mutually oppositely facing surfaces thereof and a pair of elongated electrically 
conductive planar lead terminals each being twisted such that their top end parts 
face each other with a gap therebetween and the temperature sensing element is 
10 sandwiched between the top end parts in this gap. 

Susbr temperature sensors with twisted planar lead terminal s ca p . 
be produced by producing temperature sensing elements each having electrodes 
on its mutually oppositely facing main surface^, forming a lead frame comprising 
a linearly elongated base part and a plurality ^airs of planar lead parts 
1 5 extending perpendicularly therefrom, twisting each of these planar lead parts such 
that each of these pairs has top end parts which face each other with a gap in 
between, inserting these temperature sensing elements each between the mutually 
facing top end parts of a corresponding one of these pairs of planar lead parts, 
electrically connecting the electrodes to the top end parts of, and cutting each of 
20 the planar lead parts from the base part to form lead terminals of specified 

Brief Description of the Drawings 

The accompanying drawings, which are incorporated in and form 
25 a part of this specification, illustrate embodiments of the invention and, together 
with the description, serve to explain the principles of the invention. In the 
drawings: 

Fig. 1 is a front view of a temperature sensor according to a first 
embodiment of this invention; 
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Fig. 2 is a sketch of the temperature sensor of Fig. 1 when it is 
being used for detecting the temperature of a target apparatus; 

Fig. 3 is a diagonal view of a variation of the temperature sensor 
according to the first embodiment of this invention; 
5 Fig. 4 is a sketch of the temperature sensor of Fig. 3 when it is 

being used for detecting the temperature of a target apparatus; 

Fig. 5 is a partially sectional horizontal view of another variation 
of the temperature sensor according to the first embodiment of this invention; 

Figs. 6A and 6B are partially sectional horizontal views of still 
10 other variations of the temperature sensor according to the first embodiment of 
this invention; 

Fig. 7 is a front view of a temperature sensor according to a 
second embodiment of this invention; 

Fig. 8 is a sketch of the temperature sensor of Fig. 7 when it is 
1 5 being used for detecting the temperature of a target apparatus; 

Figs. 9 A, 9B, 9C and 9D are diagonal views showing temperature 
sensors according to the second embodiment of this invention at different stages 
of their production; 

Figs. 10A and 10B are sketches of a prior art temperature sensor 
20 when it is being used for detecting the temperature of a target apparatus; 

Fig. 1 1 is a diagonal view of a lead frame with temperature 
sensing elements attached to it for producing prior art temperature sensors; and 

Figs. 12A and 12B are sketches of prior art temperature sensors 
with their temperature sensing elements displaced. 
25 Throughout herein, some like or equivalent components such as 

the target apparatus of which the temperature is being detected are indicated by 
the same numerals and may not necessarily be described repetitiously. 



Detailed Description of the Invention 

The invention is described next by way of examples. Fig. 1 shows 
a temperature sensor 1 1 according to one embodiment of this invention, 
5 comprising an NTC thermistor element 12 having a pair of terminal electrodes 13 
and 14 formed on its mutually oppositely facing main surfaces, lead lines 15 and 
16 each with one end attached to a corresponding one of these terminal 
electrodes 13 and 14 (say, by a solder material (not shown)), a first outer cover 
17a of an electrically insulating resin material covering the thermistor element 12 

10 and a second outer cover 17b of also an electrically insulating resin material 
covering the lead lines 15 and 16 except over their other ends. The terminal 
electrodes 13 and 14 may comprise Ag, Cu, Au, Pt or an alloy containing any of 
these. The NTC thermistor element 12 may not necessarily be in the shape of a 
chip but may be planar, for example, of a circular disk shape. 

15 According to an example, the lead lines 15 and 16 comprise 

phosphor bronze with hardness 1/2H, having a circular sectional shape with 
diameter 0.4mm. The material for the lead lines 15 and 16 may also be german 
silver, beryllium, SUS, a Cu-Ti alloy, brass or any of these with plating, as long as 
it has more spring-like elastic characteristic than a hard copper or steel line 

20 covered with a copper covering. 

The first outer cover 17a is for the purpose of protecting the NTC 
thermistor element 12 from the environment and also for keeping it electrically 
insulated, comprising, for example, an epoxy resin or a phenol resin with superior 
insulating characteristic and resistance against heat. The second outer cover 17b 

25 is preferably of a material such as a polyethylene resin that is not only electrically 
insulating but also elastic and flexible, corresponding to the spring-like elastic 
characteristic of the lead lines 15 and 16. The first and second outer covers 17a 
and 17b may be of the same resin material. In such a case, a polyethylene resin or 
a silicone resin may be favorably used. Alternatively, an insulating tube may be 

30 used to cover the lead lines 15 and 16. 
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As shown in Fig. 2, the temperature sensor 1 1 thus structured was 
tested by contacting its thermistor element 12 to the DC fan 3 connected to a 
CPU 2 in order to detect its temperature. The length of the lead lines 15 and 16 
was made somewhat longer than the vertical separation between the DC fan 3 
5 and the printed circuit board 5 supporting the thermistor element 12 such that an 
elastic contact was accomplished with a biasing compressive force between the 
DC fan 3 and the thermistor element 12 because the lead lines 15 and 16 were of 
a material having a spring-like elastic characteristic. 

, - If the lead Mnes 15 and 16 are simply inserted into throughholes 

10 (not shown) through the printed circuit board 105 in a direction more or less 
perpendicular to its surface and the CPU 2 with the DC fan 3 is lowered from 
above after the temperature sensor 1 1 is fastened to the circuit board 5 (say, by 
soldering), the leacKjnes 15 and 16 may fail to bend in the desired direction or be 
crushed by the vertical downward force. According to a preferred variation to 

15 the first embodiment of the invention, as shown generally at 1 1' in Fig. 3, kinked 
parts 15a and 16a are provided respectively to the lead lines 15 and 16 where the 
lead lines 15a and 16a are bent in the same direction in a nearly semi-circular 
arcuate form. The second outer cover 17b according to this embodiment is made 
somewhat shorter so as not to cover the kinked parts 15a and 16a for the 

20 convenience in the operations for mounting the sensor IT to the printed circuit 
board 5 by inserting the lead lines 15 and 16 into throughholes 5a provided 
through the circuit board 5 and soldering them thereto. In other aspects, the 
sensor IT is identical to the sensor 1 1 described above with reference to Fig. 1. 

As shown in Fig. 4, the temperature sensor 1 1' thus improved was 

25 tested similarly by contacting its thermistor element 12 to the DC fan 3 connected 
to a CPU 2. The length of the lead lines 1 5 and 16 between the thermistor 
element 12 and the kinked parts 15a and 16a was made somewhat longer than the 
vertical separation between the DC fan 3 and the printed circuit board 5 such that 
an elastic contact was accomplished with a biasing compressive force between the 
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DC fan 3 and the thermistor element 12. The circuit board 5 used for this test 
had thickness 1.6mm, having throughholes 5a with diameter 1mm. 

As the sensor 11' is set on the circuit board 5 with the lead lines 15 
and 16 inserted perpendicularly into their respective throughholes 5a, its 
5 downward motion is stopped when the kinked parts 15a and 16a hit against the 
top surface of the circuit board 5. In order to further advance the lead lines 15 
and 16 downward, the lead lines 15 and 16 are tilted in the direction opposite to 
the direction in which the kinked parts 15a and 16a are curved. By thus 
maneuvering the sensor 1 1', the lead lines 15 and 16 can be further partially 

10 inserted into the throughholes 5a until the lower ends of the arcuate kinked parts 
15a and 16a become stuck against the inner walls of the throughholes 5a. By this 
time, the bottom ends of the lead lines 1 5 and 1 6 have penetrated the 
throughholes 5a and are on the other side of the circuit board 5, although the top 
portions of the arcuate lead lines 15 and 16 are still above the top surface level of 

1 5 the circuit board 5, and the sensor 11' is tilted at an angle of about 45° with 
respect to the circuit board 5, as shown in Fig. 4. 

With the kinked parts 15a and 16a thus hooked and anchored to 
the throughholes 5a, the sensor 11' is less likely to be dislocated from the circuit 
board 5 even if there are vibrations, or to fall in the direction opposite to the 

20 direction in which it is tilted. The sensor 11' is then fastened to the circuit board 
5 by applying a solder material 18. Since the sensor IT is thus obliquely oriented 
already when the CPU 2 is lowered from above, the lead lines 15 and 16 do not 
bend in a wrong direction as the DC fan 3 presses the thermistor element 12 
downward. Since the lead lines 15 and 16 are made of an elastic flexible material, 

25 as explained above, the thermistor element 12 remains in contact with the DC fan 
3 securely and dependably. 

As a variation, the lead lines 1 5 and 1 6 may each be formed, as 
shown in Fig. 5, with a bend 15b or 16b instead of a kinked part such that, as 
they are perpendicularly inserted into the corresponding throughholes 5a in the 

30 circuit board 5, the top parts supporting the thermistor element 12 become 
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automatically tilted. The angle of the bend may be appropriately selected 
between 0 and 90°. 

Figs. 6A and 6B show further variations wherein the lead lines 1 5 
and 16 are each provided with both a kinked part 15a or 16b designed such that 
5 the portions on both sides of each kink (or the semi-circularly arcuate part) make 
a specified angle between 0 and 90°. 

Fig. 7 shows a temperature sensor 5 1 according to a second 
embodiment of this invention, comprising an NTC thermistor element 52 having a 
pair of terminal electrodes 53 and 54 formed on its mutually oppositely facing 
10 main surfaces, lead terminals 55 and 56 each with its top end parts 55a or 56a 

attached to a corresponding one of these terminal electrodes 53 and 54 (say, by a 
solder material (not shown)) and an outer cover 57 of an electrically insulating 
resin material covering the thermistor element 52 and the lead terminals 55 and 
56 except their bottom end parts 55b and 56b. The NTC thermistor element 52 
1 5 may not necessarily be in the shape of a chip but may be planar, for example, of a 
circular disk shape. 

The lead terminals 55 and 56 may comprise phosphor bronze with 
hardness 1/2H and are planar, having a rectangular cross-sectional shape. The 
material for the lead terminals 55 and 56 may also be german silver, beryllium, 
20 SUS, a Cu-Ti alloy, brass or any of these with plating. The lead terminals 55 and 
56 are twisted by 90° at a position proximal to their top end parts 55a and 56a 
such that the direction of thickness for the top end parts 55a and 56b is different 
from that of the bottom end parts 55b and 56b by 90°. In other words, although 
the bottom end parts 55b and 56b of the lead terminals 55 and 56 are parallel to 
25 each other, their top end parts 55a and 56a face each other with a gap in between. 

Fig. 8 shows the temperature sensor 5 1 thus structured being set 
on a base board 5 to measure the temperature of the DC fan 3 of a CPU 2 set 
also on the same base board 5 through a socket 4. Because the lead terminals 55 
and 56 are made of an elastic material with a spring-like characteristic, the NTC 
30 thermistor element 52 can remain in contact with the DC fan 3 reliably even 
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without the use of any adhesive agent therebetween or having the lengths of the 
lead terminals 55 and 56 carefully adjusted. 

The outer cover 57 may comprise a polyethylene resin. When a 
same resin material is used to cover both the NTC thermistor element 52 and the 
5 lead terminals 55 and 56, a silicone resin may be used as well as a polyethylene 
resin. As explained with reference to Fig. 1, the outer cover 57 may be separated 
into a part for covering the NTC thermistor element 52 and another part for 
covering the lead terminals 55 and 56. The cover for the NTC thermistor element 
52 is for protection against the environment and to keep it electrically insulated. 

10 For this reason, an epoxy resin, a phenol resin or a glass material with superior 
insulating characteristic and resistance against heat is preferred. The part of the 
outer cover 57 for the protection of the lead terminals 55 and 56 should 
preferably be of a material such as a polyethylene resin that is not only electrically 
insulating but also flexible, corresponding to the spring-like elastic characteristic 

15 of the lead terminals 55 and 56. 

The temperature sensors 5 1 may be produced first by preparing 
many NTC thermistor elements 52 having formed thereon terminal electrodes 52 
comprising Ag, Cu, Au, Pt or their alloy so as to serve as temperature sensing 
elements. Let the dimensions of these NTC thermistor elements 52 be 0.3- 1.5mm 

20 in length, 0.3- 1.5mm in width and 0.3- 1.0mm in height. 

Next, lead frames 160 each having a linearly elongated belt-like 
base part 161 and a plurality of pairs of planar lead parts 155 and 156 
perpendicularly extending therefrom, as shown in Fig. 9 A, are prepared. Such 
lead frames 160 may be formed, for example, by a chemical etching or press 

25 method on a metallic plate comprising phosphor bronze. Each of the planar lead 
parts 155 and 156 may be 0.3-0. 6mm in width and 0.2-0. 3mm in thickness. 

Next, each of the planar lead parts 1 55 and 1 56 is twisted by 90° 
by a press method as shown in Fig. 9B such that top end parts 155a and 156a of 
each pair of planar lead parts 155 and 156 face each other. In order to keep the 

30 lead terminals 55 and 56 in an elastic condition, it is preferable that the planar 
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lead parts 155 and 1 56 of the lead frame 160 be twisted near their top end parts 
155a and 156a. 

Next, as shown in Fig. 9C, the NTC thermistor element 52 is 
inserted in the gap between the top end parts 155a and 156a of each pair of 
5 planar lead parts 155 and 156 and the electrodes 53 and 54 on the main surfaces 
of the NTC thermistor element 52 are connected respectively to the top end parts 
155a and 156a of the planar lead parts 155 and 156, say, by using a solder 
material (not shown). 

Next, the lead frame 160 with many NTC thermistor elements 52 

10 thus attached is held upside down such that the longitudinally elongated belt-like 
base part 161 will be above the planar lead parts 155 and 156 and is lowered such 
that the NTC thermistor elements 52 and specified portions of the planar lead 
parts 155 and 156 are soaked in a polyethylene resin 170 which is later hardened. 
Thus, the NTC thermistor elements 52 and the specified portions of the planar 

15 lead parts 155 and 156 become covered with the outer cover 57. 

Finally, the planar lead parts 155 and 156 are cut at specified 
positions and separated from the linearly elongated belt-like base part 161 of the 
lead frame 160 so as to obtain the individual temperature sensors 51 having the 
lead terminals 55 and 56 with desired lengths as shown in Fig. 7. 

20 The temperature sensor 5 1 thus structured is advantageous 

wherein the terminal electrodes 53 and 54 on the main surfaces of the thermistor 
element 52 make surface-to-surface contacts with the top end parts 155a and 
156a of the planar lead parts 155 and 156 over a relatively large area. This means 
that the solder can be applied over larger areas and hence the attachment can be 

25 made more secure and dependable. Thus, position and orientation of the 
thermistor element 52 are less likely to change. 

Although the invention has been described above by way of only a 
small number of examples, these examples are not intended to limit the scope of 
the invention. Many modifications and variations are possible within the scope of 

30 this invention. For example, the temperature sensing element need not be an 
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NYC thermistor but may well be a positive temperature coefficient (PTC) 
thermistor. It also goes without saying that the sensor of this invention can be 
used for measuring the temperature of many other kinds of electronic apparatus. 



